SUMMARY A significant difference between the blood pressures of rural and urban Malawians was found in both sexes, was present at the age of 15 years, and was associated with obesity but not with smoking, alcohol consumption, occupation or housing. Pulse rate was significantly lower in the urban group. These differences were accompanied by low potassium and sodium intake although the sodium intake in the urban group was double that in the rural group. No direct relation between blood pressure and urinary electrolytes was found.
Malawi is located in central Africa and has a population of over six million, most of whom are African in origin. The country is divided into three regions: north, south, and central, the latter containing the new capital of Lilongwe (population 600 000). This city has been expanding in both population and size over the last 25 years, and to accommodate the influx well demarcated housing estates have been built. Because ofthe rapid increase in size of Lilongwe, nearby villages have remained relatively unchanged by the growth of the city. This close proximity ofurban and rural groups provided an opportunity to study the blood pressure distribution in Malawians in the two settings.
No previous blood pressure survey in Malawi has been reported, although a large number of surveys have been conducted in other Southern and East African nations. l'8 The purpose of this survey was to describe and compare blood pressures in urban and rural Malawians and to investigate the relation to age, anthropometric measurements, and urinary electrolyte excretion.
Subjects
The urban sample was selected from the first building estate established in Lilongwe in 1962: the Falls Estate. It was thought that this would be most likely to have a more "normal" age distribution. The population came from all over Malawi with representatives of all the tribes. Water was piped directly to houses which were brick, two to three roomed bungalows arranged in rows. The men were mainly white collar workers with some manual workers.
The villages of Gunde and Msinje are situated 22 miles south west of Lilongwe and are linked by road and rough track. They were chosen by the Health Service as "typical" of rural villages, although they were larger than most to allow an adequate number of subjects for this study. The inhabitants were born almost exclusively in the central region. Water was collected from a central pump, and huts were chiefly of wood and mud. The men were mainly farmers.
Both groups ate "Nsima" made from the staple diet of African maize. This was usually eaten with a relish of meat, fish or vegetables.
All the inhabitants aged 15 and over were identified by means of a house to house survey until a sample of over 500 urban and 500 rural Malawians was enumerated. Any blocks or outlying hamlets that had been started were included in their entirety. This was cross checked with lists of household members made during the blood pressure survey itself. Table 2 shows anthropometric and blood pressure measurements. Urban dwellers were significantly larger in all ways (p<00001) and had higher blood pressures (p<0 05-0 001). However, the pulse rate was significantly lower (men p < 0-001, women p<0-05). After adjustment for differences in age between the urban and rural men and women, using an analysis of covariance, statistically significant differences in both systolic and diastolic blood pressure remain (table 3) . The urban dwellers lived in more crowded houses with 3-29 inhabitants per room compared with 2-73 per room for the rural dwellers (p<<0001). They had also had more rooms per dwelling to live in (urban 2-29, rural 124; p < 00001). However, analysis of variance showed no effect on blood pressure for either.
Method
Most of the rural men were farmers (67'1 %) or white collar workers (21.2%). Of the urban men 71 5% were white collar workers, the rest being mainly manual workers, and the latter tending to live more in estates elsewhere, mainly in Lilongwe. Of the urban women 43-5% were white collar workers, and almost all the rest were housewives; 80-8% of rural women were housewives. Only 11 rural men had been to high school (5-3%) and none had had higher education. In comparison, 42 Overnight samples (table 4) Response rates of 87-9% (123 out of 140) in the urban sample and 71 6% (78 out of 109) in the rural sample were obtained. A difference in urinary sodium concentration between urban and rural groups was found (p < 0-001) in a ratio ofalmost 2:1 respectively. The Na/creatinine ratio was higher in the urban group (p < 0-001). There was no significant difference in potassium excretion, and hence the difference in Na/K ratio (p <0-001) is due entirely to the difference in sodium excretion. Blood pressure and salt intake in Malawi: an urban rural study Rural inhabitants were found to add homemade condiments to their food. Amounts were small, and because of increasing use of manufactured salt this habit is on the decline. Samples were taken of wood ash and maize cob ash, and both were high in potassium salts (wood ash 143 mmol/1, maize cob ash 280 mmol/l) and low in sodium salts (wood ash < 1 mmol, maize cob ash 3 mmol/l).
Discussion
The very high response rate (98-2% of women and 95 6% of men) achieved suggests that the results are representative of the parameters of this population. Surprisingly, response rates were slightly higher in the male urban sample than in the male rural sample.
After taking age into account, urban dwellers had consistently higher mean systolic and diastolic blood pressures. In other African urban rural comparisons, this difference has also been found,3 14 15but generally not before the age of 40 years. In this study, a significant difference was found even in the 15-24 years age group, indicating that either genetic factors (for example, self selection) are involved or environmental factors which affect blood pressure rapidly or before the age of 15 years. A rapid increase in blood pressure with change in environment was shown in Samburu warriors in Kenya after only 26 months. 16
In both urban and rural men, blood pressure increased with age. The difference between age groups was generally greater in the urban dwellers. In view of the probable slight genetic differences (unless they are a self selecting group) an environmental cause for the high blood pressure is likely. Differences in sodium consumption have been implicated in other studies,'8 and appropriate dietary differences have been found in Malawi.
These dietary differences between rural and urban groups are necessitated by the essentially cash economy of town dwellers and the subsistence economy of villagers. The availability of salt would obviously be greater for the town dwellers, and this is shown by the differences between the two groups in urinary sodium excretion. It is interesting to note that there is no significant difference in urinary potassium excretion between the two groups. The amounts of various foods eaten were also different, as shown by the higher weights and body mass index in town dwellers-unless heavier and larger people migrate selectively to towns.
As expected, the urinary sampling had a lower response rate than the overall response rate; subjects often forgot to give a sample, especially those in the village. However, individuals who gave samples were similar to those who did not. There was no difference in urinary volume collected between rural and urban dwellers. The differences in creatinine were more likely to be due to differences in weight rather than incomplete collection ofurinary samples. Low urinary volumes compared to those of other studies '4 15 suggest that the samples were incomplete. Decomposition of creatinine may also have had an effect.
Sodium output in the urban sample was twice that in the rural sample even though potassium output was the same. Age had no effect. In fact, compared to other African groups,'4 15 both urinary electrolytes are low, as are the Na/K urinary excretion ratios, although this is not a "no salt population".
No relation between electrolytes and blood pressure could be shown directly, but this is typical ofsurveys of this kind.'9 I A contemporary view is that somehow potassium lowers blood pressure and sodium raises it,21 but not if the potassium intake is low.22 Hence if the urban rural blood pressure differences are due mainly to electrolyte intakes, it is the sodium that has been the most important.
The existence of a high potassium condiment is of interest in view of the hunt for a salt alternative,23 although it is probably added minimally in view of the low potassium output. It may be that salt has only recently been added to food instead of the ash solutions, and hence the older rural inhabitants have had a relatively sodium free diet in the past, resulting in lower blood pressure.
Stress is often cited to be a cause of hypertension, '7 but one would expect a raised blood pressure to be 191 D Simmons, G Barbour, J Congleton, J Levy, P Meacher, H Saul, and T Sowerby associated with a raised heart rate. In this study, however, the pulse rate was greater in the rural group, suggesting that sympathetic stimulation does not contribute significantly to the difference in blood pressure between these rural and urban populations unless the rural groups were more intimidated by the investigation and actually have an even lower blood pressure.
Naturally, whether these results are representative of Malawians as a whole is difficult to assess. Although the rural sample is both likely to be and said by local health officers to be "typical", the urban sample is unlikely to be so. Although the Falls Estate is the second oldest estate in Lilongwe (over 20 years old), the population is in constant flux. Generally, once Malawians have no work to do in Lilongwe they return to their villages.
There are other factors that complicate rural urban comparison. Although the villagers will on the whole come from a similar background, town dwellers are more cosmopolitan, coming in this study from all three regions of Malawi. This almost certainly implies tribal and hence genetic differences between the urban and rural dwellers. In spite of this, no significant differences in any parameters could be found between subjects from the three regions. Hence it is assumed that the urban sample can be grouped as one for analysis. However, due to the relatively small number studied, differences between the three groups might have been missed. The unavailability of lighting prevented evening visits in the village, and the "9 till 5" working routine for men in the town prevented a visit during the day, except at lunchtime. This might bias the results due to diurnal rhythms and variation in ambient temperature, which could affect blood pressure through heat losing mechanisms such as sweating and vasodilatation.
The rural men were mostly farmers while the urban men were white or blue collar workers. No significant difference in blood pressure was found between urban occupational groups.
In spite of differences in types of dwelling and crowding between the rural site and the Falls Estate, these had no effect on blood pressure.
